Our results showed that cinnamic acid can increase podophyllotoxin production in Juniperus virginiana suspension cultures. The best effect was manifested after a 24-hours application of a 10 mmol/L concentration. The highest podophyllotoxin content was determined at 1.47 mg/g DW and the production was statistically significantly stimulated by about 444% in comparison with the control. Comparison of podophyllotoxin production in the cinnamic acid-and salicylic acid-elicited J. virginiana suspension cultures confirms that the maximum increase in both cases was induced by the 24-hours application of the 10 mmol/L concentration. In contrast, the best effect of jasmonic acid was manifested after the longest 168-hours application of a 5 mmol/L concentration.
Aryltetralin lignans, especially podophyllotoxin derivatives, have been the objective of various studies engaged in production of new anticancer drugs. Moreover, semisynthetic derivatives of podophyllotoxin (etoposide, teniposide and etophos) are currently used in chemotherapy of various types of cancer [1, 2] . Biotechnological production using Juniperus sp. plant cell cultures can be an alternative source of podophyllotoxin production. However, this production compared with intact plants is usually lower and that is why we are looking for different methods and approaches to increase this production [3] [4] [5] .
Elicitation is one of the most effective techniques used to improve the biotechnological production of secondary metabolites. Successful elicitation depends on many factors. The concentration and the exposure time of the elicitor, the physiological state of the plant culture or its growth phase play a major role in cell viability and metabolite accumulation. In this study, the effects of cinnamic acid (CA), jasmonic acid (JA) and salicylic acid (SA) on the production of podophyllotoxin in Juniperus virginiana suspension cultures were investigated. Cinnamic acid, a biogenetic precursor of podophyllotoxin, and phytohormones (salicylic acid, jasmonic acid) are normally produced by plant cells in a defense response as signal molecules and are key components in the signal transduction pathway. However, they are also recognized as potent elicitors when added exogenously to the culture medium for induction/enhancement of secondary metabolite production under in vitro conditions [6] [7] [8] .
Our results showed that CA can increase the amount of podophyllotoxin. The best effect of CA was manifested after a 24-hour application of the 10 mmol/L concentration. The maximum podophyllotoxin content was determined at 1.47 mg/g DW and the production was statistically significantly stimulated by about 444% in comparison with the control (Figure 1 ). Increasing the cinnamic acid concentration to 100 mmol/L resulted in a decrease of podophyllotoxin content. On the other hand, phytohormones could also effectively induce podophyllotoxin production. The content of podophyllotoxin was statistically significantly increased by about 108% compared with the control when the salicylic acid concentration reached 10 mmol/L. The maximum content of podophyllotoxin was determined at 0.52 mg/g DW (Figure 2) . Irrespective of the concentration used, the maximum content of podophyllotoxin was observed 24 hours after salicylic acid addition, while the other observed exposure times (6, 48 and 168 hours) led to a lower yield. Comparison of podophyllotoxin production in the CA-and SA-elicited J. virginiana suspension cultures confirms that the maximum increase in both cases was induced by the 24-hours application of the 10 mmol/L concentration. In contrast, the best effect of jasmonic acid was manifested after the longest 168-hours application of the 5 mmol/L concentration. The maximum content of podophyllotoxin was determined at 0.67 mg/g DW and the production was statistically significantly increased by about 179% in comparison with the control (Figure 3 ). The results indicate that compared with non-elicited cultures, CA-, SA-and JA-elicited J. virginiana suspension cultures had significantly enhanced podophyllotoxin production. The importance of CA, SA and JA in the biotic elicitation process has been documented in other studies [9] [10] [11] [12] [13] [14] .
Experimental

Juniperus virginiana suspension cultures:
One-year-old suspension cultures of J. virginiana (variety 'Glauca') were cultivated by shaking in SH liquid medium [15] , supplemented with 3.0 mg/L of NAA, 0.2 mg/L of kinetin and 15 mg/L of ascorbic acid at 25°C and a 16-h light/8-h dark photoperiod. The sub-cultivation interval lasted for 21 days. [16] Elicitation: On the 14 th day of cultivation (in the mid-exponential growth phase) [16] , the suspension cultures were treated with cinnamic acid, jasmonic acid and salicylic acid. One mL of an ethanolic cinnamic acid solution (in concentrations of 0.1 mmol/L, 1 mmol/L, 10 mmol/L and 100 mmol/L), 1 mL of an ethanolic jasmonic acid solution (in concentrations of 0.005 mmol/L, 0.05 mmol/L, 0.5 mmol/L and 5 mmol/L) and 1 mL of an aqueous salicylic acid solution (in concentrations of 0.01 mmol/L, 0.1 mmol/L, 1 mmol/L and 10 mmol/L) were added to the SH medium (30 mL). The time of exposure of the elicitor was 6, 24, 48 and 168 h. The control cultures received either 1.0 mL of 60% ethanol or 1.0 mL of distilled water. Inspection cultures were collected after 6 and 168 h, but production did not change significantly in such short time intervals. The cells were separated from the media by vacuuming, rinsed in distilled water and dried at room temperature.
Determination of podophyllotoxin Preparation of samples: 500 mg of control and treated cultures were extracted with 10.0 mL of methanol (100%) using ultrasound for 1 h at 30°C. The supernatant after centrifugation (at 4500 rpm for 5 min) was collected in vials and analyzed using a Shimadzu Prominence 20 A system with vacuum degasser, binary pump, autosampler, column oven, UV/VIS detector and communication module. Data were collected and calculated by chromatographic software LabSolution v. 5.32 (Shimadzu, Japan).
The HPLC conditions were as follows: the main wavelength was set at 280 nm and reference wavelength for better peak identification was 290 nm. An RP-18 Lichrospher column (250 x 4 mm, particles size 5 μm, Merck) with a precolumn made of the same material was used. The injected volume of the samples and standard solutions was 30 µL and the column was operated at 25°C.
The mobile phase consisted of (A) methanol/water/phosphoric acid (60:39.7:0.3; v/v/v) and (B) methanol/phosphoric acid (99.7:0.3; v/v). Gradient elution was designed as follows: 0 -8 min, 0 -80%; 8 -9 min, 80 -100%; 9 -10 min, 100%; 10 -11 min, 100% -0%; 11 -13 min, 0% of solvent B. The flow rate of the mobile phase was 1 mL/min.
For the podophyllotoxin quantification, a five-points calibration curve (r 2 0,9963) was obtained with pure standard.
All the listed results are averages calculated from the results of 3 independent determination processes. 
